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1. 从浒苔、石莼、山海绵共分离得到 14 株海洋微生物，结合实验室已有的
12 株海洋微生物，共获得 23 株海洋微生物的乙酸乙酯相粗提物及 11 株海洋微
生物的甲醇粗提物。通过活性检测，共筛选到 9 株具有防污活性的菌株。其中
Vibrio alginolyticus, Vibrio gallicu 两株菌防污活性最高，抑制藤壶幼体 EC50 分别
为 1.92 和 1.60 μg/ml。 
2. 对两株海洋细菌 V. alginolyticus 和 V. gallicus 活性物质进行不同相萃取，
经活性检测发现的二氯甲烷相和乙酸乙酯相提取物均表现出防污活性。其中 V. 
alginolyticus 两相粗提物的 EC50 分别为 3.9 和 2.82 μg/ml，V. gallicus 两相粗提物
的 EC50 分别为 3.27 及 9.57 μg/ml。HPLC 分析发现 V. alginolyticus 的二氯甲烷相
含有丰富的活性物质。 
3. 对防污活性功能菌株 V. alginolyticus 4 个看家基因（rpoD、toX、rctB、gyrB）
序列进行测定。多基因联合分析表明，该菌株与 GenBank 中 V. alginolyticus 
ATCC17749 基因同源性最高。rpoD、toX、rctB、gyrB 与该菌株的同源性分别为
















发育树均显示，该功能菌株与 V. alginolyticus ATCC17749 亲缘关系最近。结合生
理生化特征实验，将该菌株鉴定为 V. alginolyticus。 
4. 本文从 V. alginolyticus 中分离得到两个防污活性化合物，分别是吲哚和
L-脯氨酸-D-亮氨酸。分离得到的其他化合物有 3-醛基-吲哚、邻苯二甲酸丁酯与

















































Biofouling is the colonization of man-made surfaces by sessile marine organisms 
(such as barnacles, mussels, tubeworms and seaweeds). With the continuous 
development of marine industry, the harmful effects of biofouling become more 
serious. Organic tin and cuprous oxide antifouling paints pose a great damage to the 
marine environment in the past few decades. As they have been banned or restricted, 
it is necessary to develop environment-friendly marine antifouling agent. The 
secondary metabolites of marine organisms used for chemical defense is a potential 
source to develop environment-friendly antifouling agent. However, the content of 
antifouling active compounds is so low in marine organisms, that it is difficult to 
supply, which is the main problem of the development of environment-friendly 
antifouling agent. Marine microorganisms which have an the ecological effects on 
fouling organisms, can be supplied in large-scale by fermentation and gene 
manipulation. Therefore marine microorganisms have huge development potential for 
antifouling. 
In this paper we separated marine bacteria from Enteromorpha sp., Ulva sp., Mycale 
sp. and Culcita novaeguineae . Then we detected antifouling activity of crude extract 
to screen out the best active strain. Then the strain was identified and fermented. The 
fermented liquid was extracted with different phases and detected for antifouling 
activity. To isolate the antifouling compounds, separation and purification was guide 
by the antifouling activity. Pure compounds was detected for antifouling activity using 
a variety of marine fouling organisms. The main results were as follows: 
1. A total of 14 strains were isolated from Enteromorpha sp., Ulva sp. and Mycale sp.. 
Combined with 12 strains of laboratory storage, we received 23 ethyl acetate extracts 
and 11 methanol extracts. Through the activity detection, 9 strains were screened out. 
Vibrio alginolyticus and Vibrio gallicus had the best antifouling activity for inhibiting 
the barnacle larvae, Whose EC50 was1.92 and 1.60 μg/ml respectively. 
















phase. With the active detection, the methylene chloride extract and ethyl acetate 
extract showed the best antifouling activity. The EC50 of V. alginolyticus was 3.9 and 
2.82 μg/ml respectively. The EC50 of V. gallicus was 3.27 and 9.57 μg/ml respectively. 
With HPLC analysis of active component showed that V. alginolyticus dichloride 
methane phase contained rich of active substances. 
3. 4 housekeeping gene (rpoD, toX, rctB, gyrB) sequences of the V. alginolyticus were 
determined . By comparing the Gene homology with Vibrio alginolyticus ATCC17749, 
the similar rates of rpoD、toX、rctB、gyrB were 99%、98%、99%、99% respectively. 
The phylogenetic trees constructed based on 16S rRNA, rpoD, rctB, gyrB gene 
sequences showed that V. alginolyticus and Vibrio alginolyticus ATCC17749 had the 
closest relationship. With the reference to 《 Bergey’s Manual of Systematic 
Bacteriology》 Vo 12 the antifouling activity of strains was identificatied as V. 
alginolyticus. 
4. Two anti-fouling active compounds were isolated from V. alginolyticus. They were 
Indole and L-Pro-D-Leu. Other compounds isolated from V. alginolyticus were 
3-Formylindole and mixture of p-Hydroxybenzoic acid and Dibutyl phthalate. 
 





















































































现华美盘管虫（Hydroides elegans）史无前例地异常繁殖，使近 6000 个牡蛎养殖



































研究发现 TBT 在水体当中浓度只要达到 0.02 μg/L就可以会引起腹足类动物激素
失衡，导致雌性腹足类出现雄性特征，称为性畸变[19]。发达国家的码头和港口
正是 TBT 污染的重灾区，其表面水体和沉积物中的 TBT 浓度与船舶进出的流量
呈正相关[20]。数据表明 TBT 在沉积物中的浓度在 0.1-1 μg/g 时会对底栖生物产
生不利影响，而在航行密集区域 TBT 浓度已经远远超出这个数值，其中西班牙
在 2003 年达到 5.48 μg/g[21]，印度在 2006 年为 16.82 μg/g[22]。TBT 的污染甚至已
经延伸到主要航道下的深海沉积物（2003 年为 0.019 μg/g）[23]以及一些原生海洋
环境如南极洲（2004 年为 2.2 μg/g）[24]、大堡礁（2002 年有船经过的地方达到








污涂料。2001 年 10 月国际海事组织（IMO）通过决议自 2003 年 1 月 1 日禁止





















水中铜的浓度在 0.5-3 μg/L，在铜污染的区域可高达 21 μg/L[37]。最近对氧化亚铜
使用的风险评估认为铜在封闭水体中具有潜在毒性，如船舶较多、水流交换少的
码头港口[37]。实验室针对铜的毒理学实验发现在 1.2 μg/L 时会降低双壳类的滤食
[38]、20 μg/L 时会降低珊瑚幼体的附着[39]、100 μg/L 时 50%硅藻生长受到抑制[40]。
防污涂料中渗出的铜，超出海水溶解性，会迅速沉淀到海底沉积物中，其毒性表
现为阻碍底栖生物群落的发展[41]。在南极洲检测到含有 30 μg/g 铜的沉积物会降
低底栖生物多样性[42]，温带地区受污染沉积物同样降低了底栖物种的丰度[43]。




































质稳定，不易被氧化降解，在海洋环境中可存在 1 月-1 年时间[57]。高浓度的敌
草隆在英国河口被检测到[58]，在丹麦[59]、瑞典及西班牙[60]也被陆续发现。 
Irgarol 1051 是一种农业广泛应用的除草剂，在海洋防污涂料中用作除藻剂，





沉积物中的半衰期分别为 100 d 和 200 d[63]。研究发现在水体中 Irgarol 1051 只要
达到 0.024 μg/L 便会表现出潜在的生态风险，然而全球许多区域都已超过这个数
值[64, 65]。Liu D 等（1999）发现 Irgarol 1051 在 50 ng/L 时，显著抑制非靶标海洋
藻类生长，具有极高毒性[66]。Evans 等（2000）发现 Irgarol 1051 在极低浓度下，
可以损害珊瑚共生微藻、红树、海藻及以海藻为食的哺乳动物[59]。沉积物再悬
浮会再次引起 Irgarol 1051 污染，当浓度达到 0.23 μg/L 时会抑制肠浒苔 Ulva 
intestinalis 的光合作用[67]。Irgarol 1051 已在多个国家被检测到，并做了大量研究
工作，但对 Irgarol 1051 的长期效应仍知之甚少。研究发现 Irgarol 1051 可通过不
同途径降解，包括：生物降解[60, 63, 66, 68, 69]、氯化汞催化水解[70]及光降解[71-74]。
这些过程的主要降解产物 M1 和 M3，依然保留了 Irgarol 1051 的杂环[60, 68]，并且
毒性更强、更难降解[68]，已在日本、西班牙及英国被发现[60]。 








测出其在海水中光降解的半衰期为 13 d[78]。Thomas 等（2001）指出 Sea-Nine 211
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